Abstract Surface electromyogram (EMG), blood pressure (BP), blink rate (BR) and heart rate (HR) were recorded before and during 4 types of mental task. The mental task involved 3 tasks that encompassed the memory (M), visual search (VS) and color-word (CW) tasks besides the control task (CT) of maintaining a similar posture while focusing on a single spot on the computer screen. Except for CW, any voluntary movement for response to visual stimuli given were not demanded. Slightly but significant increases in integrated EMG (iEMG) were shown in terapezius, biceps and gastrocnemius muscles during tasks except for CT. Especially in the trapezius muscle during M, the most remarkable enhancements of iEMG and BP were shown. In VS and CW tasks, significant decreases in BR were observed, although in M and CT tasks there were no significant changes in it. There were no significant changes in HR in any type of tasks. The present study demonstrated the increase in muscle tension due to mental needs of cognitive tasks per se accompanying changes in BP and BR. And, enhancement of these physiological responses by memory loads and eyeball movement was discussed as a possible mechanism.
Introduction
Office works of recent years typically involve visual display terminal (VDT) work characterized by chronic stiff shoulders and back pains of operators. Although these complaints have been extensively documented in many studies ( Hasegawa and Kumashiro, 1998; Hermans and # Present: Human Factors Inc. ## Present: Section of Ergonomics, Department of Industrial Design, Tohoku Institute of Technology Spaepen, 1995; Roman et al., 1996; Saito, 1999) , the etiological factors contributing to such syndromes remain unclear. However, these tasks involve little or low-level dynamic muscular contractions, and if ever required, the level of muscular output are meager. As such, the etiological factors inducing these syndromes are most likely to be those that do not involve damage on the musculoskeletal systems that accompany dynamic muscular contractions. Westgaard and Bjorklund (1987) have reported weak muscular contractility of the trapezius muscle in subjects performing physically inactive VDT work. By comparison with a control task free of mental influences, they have demonstrated that contractions in the trapezius muscle do not accompany muscular tasks involved in postural maintenance, instead these muscular contractions are more likely to be induced by mental stress that accompany sedentary office works. This so-called 'psychogenic muscle tension' has been suggested to be one of the occupational risk factors that inflicts musculoskeletal disorders on office workers (Waersted et al, 1991; 1994) .
Mental imagery of motion have long been known to induce weak muscular activities (Jacobson, 1927) . However, muscular activities documented in mental task are discussed not to be attributed to imagination of physical activities, rather they are triggered by psychogenic effects associated with the mental tasks. Even if the motorrelated field are activated, the mechanism involved is different from that associated with motor imagery.
Furthermore, these VDT tasks incite movements associated with manipulation of input devices such as the keyboard and mouse under maintaining a certain posture. Considering that trapezius muscle is associated with postural maintenance of the upper-limbs and head, the possibility of factors associated with repetitive maintenance of the said posture and manipulation of input devices cannot therefore be denied. In the studies of Westgaard and colleagues (Westgaad and Bjorklund, 1987; Waersted et al., 1991; 1994; , the action of immediately pushing down a key by a finger in response to the visual stimulus is demanded for subjects. Under these experimental situations, not only voluntary movement of upper-limb but motor preparation of a central mechanism can not be discounted from the possible causes of increased muscle activity. The evidence of increase in muscle activities in mental needs of cognitive tasks per se remains to be elucidated.
The purpose of the present study was to investigate whether the increase in muscle activities could occur due to mental tasks without any reaction movement. Furthermore, the effects of types of mental task on changes in physiological parameters including muscle activity were determined.
Materials and Methods

Subjects
Eight right-handed healthy male undergraduates and post-graduates with either corrected or natural vision of more than 0.9 participated in our study.
Tasks
The mental task performance involved 3 tasks that encompassed the memory (M), visual search (VS) and color-word (CW) tasks besides the control (CT) task of maintaining a similar posture while focusing on a single spot on the computer screen. These 4 tasks were conducted with the subject seated on a chair facing a 15-inch cathode ray tube (CRT) screen placed on an office desk for general paperwork. The visual distance was designated as approximately 50 cm.
The M task required the subject to memorize symbols (4 × 4 variations) presented on square panels (2 × 2 cm) of a display grid-board (Fig. 1) . The subject was required to memorize the shape, distribution and color (black or white) of 16 symbols shown on the display grid-board for an interval of 5 min. After this period of memorization, the subject was asked to fill in the features and distribution of the symbols on a paper with a grid-board similar to that previously displayed on the CRT. In filling in the memorized contents, this trial served merely as a dummy test to encourage and promote the subjects in their memory performance. As such, the results of this test were not taken into consideration in our assessment of mental task performance.
In performing the VS task, numerals (from 1 to 60 of 12-point size) were displayed at random on a mesh (48 × 32) with each grid (6 × 6 mm) displaying a certain number on a CRT screen for 5 min. During this period, the subject was asked to seek out the numeral which was designated previously. The number of sought out were then counted. In counting the numerals, the subjects were not supposed to utter the count vocally or in other words, silently. In an attempt similar to the previous memory task, the number of numerals was documented after task performance as a dummy trial.
In the CW task, words describing colors (kanji characters of the Japanese Language were used in the experiment) were stained with colors different from their original literal meaning, and a colored word was targeted in the center of a display panel with 5 choice-answers arranged in a semicircular pattern below the colored targetword (Fig. 2) . In addition, a phonation of color word was presented for the subject through a speaker to enhance a mental conflict during the task. The subject was directed to select the word per se (not the color stained) describing the stained color of target word from the choices by clicking the cursor properly placed over the selected choices with the mouse. After clicking, a new task appeared on the screen, and the subject was required to repeat the task for 5 min.
In the CT task, the subjects were required to focus on the spot displayed in the center of a CRT screen for 5 min while retaining a posture similar to that maintained in performing the other tasks. 
Measurement
Signals of bipolar surface electromyograms (EMG) of the trapezius muscle, biceps brachii and gastrocnemius muscle of the left lateral side of body were recorded with an interpolar resistance of below 7 kΩ and a time constant of 0.03 sec. Low-pass filter was not used. Signals of EMG were recorded on a personal computer after A/D conversion at 500-Hz sampling frequency. EMG signals digitized for pretrial 3-min period and 5-min during task performance were integrated at 1-min intervals thereafter.
The heart rate (HR) was derived from electrocardiogram (ECG) with input signals from electrodes placed on the chest. The blood pressure (BP) was monitored from changes in arterial pressures measured by sensors attached to the middle finger of the left hand (Finapress 2300, Ohmeda). Eye blink rate (BR) was counted by tracings of electrooculogram (EOG) from two electrodes; one each placed on the upper and lower sites of eye respectively.
Procedures
On arrival at the laboratory, recording sites of subjects were all attached with the respective electrodes/probes for monitoring EMG, ECG, BP and EOG before subjects were comprehensively briefed on performing the task. Subjects were then seated on a chair before a CRT screen placed on a desk until a persistently restful condition was sufficiently established. The above 4 tasks were performed in order, with 15-min rest intervals between completion of a certain task and initiation of the subsequent task. The order of task was arranged in such a fashion that accommodative effect of the order was completely canceled out. Furthermore, movement-associated and behavior-related tendencies of the subjects during task performance were constantly monitored by video-tape recordings.
Statistical analysis
The time-series data of respective measurements per unit min of pretrial 3-min interval and 5-min interval during task performance were verified by one-way ANOVA with time as the variable. When the time factor was statistically significant, multiple comparisons were followed up, and significant differences at different points of time during task performance were compared with the value derived from the first 1 min of pretrial 3-min interval. Moreover, the means of data of similar time-series were evaluated from the pretrial 3-min interval and the 5-min intervals during task performance, and Student's t-test corresponding to both data were subsequently performed. Differences were designated as significant when p<0.05.
Results
In the CT task of our present study, significant changes were not noted in any of the parameters recorded. Therefore, the various physiological changes accompanying mental task performance were not associated with postural maintenance. Fig. 3 shows the typical change in EMG signal before and during task. EMG signal from the trapezius muscle of a subject in the M task revealed increases in amplitude on task initiation. Fig. 4 shows the comparisons in measured variables between mean values of pretrial control and during task.
Comparisons of relative changes in integrated EMG (iEMG) values derived from the trapezius before and during task performance in all 4 tasks (including CT task) were attempted with the value of the first 1 min of pretrial 3-min interval taken as the reference (Fig. 5 ). In the CT task, the iEMG remained unchanged before and throughout the task performance. However, muscle activities were enhanced when mental work was loaded, especially in the M task where significant increase in iEMG were observed at the respective points monitored during performance compared with the pretrial reference value. Compared with the pretrial control, the mean iEMG values during VS and CW tasks were significantly facilitated in the trapezius muscle (Fig. 4) , albeit significant readings were not established at each and respective points during performance.
From iEMG values derived from the biceps brachii (Fig. 6 ), significant differences were registered at the respective points monitored during performance of VS task compared with pretrial reference value. In iEMG value of the trapezius muscle (where the M task showed the most obvious differences), although mean values at the respective points indicated significant increases during VS task performance compared with pretrial reference (Fig.  4) , statistical differences in individual values at the respective points during task performance were not established due to extensive individual differences.
Based on results obtained from the iEMG values of the gastrocnemius muscle (Figs. 4, 7) , significant increase in value were not obtained with the VS task. Although the mean values in both M and CW tasks indicated statistical differences during task performance compared with pretrial reference values (Fig. 4) , values at the respective points during both task performance did not manifest any statistical differences, except for the last 1-min interval while performing the mental task (Fig. 7) . With regard to systolic BP, mean increased values of all three tasks during performance registered significant differences from those measured during pretrial period (Fig. 4) , although individual readings at respective points only in the M task demonstrated a significant increase during performance (Fig. 8) .
Although BR showed an increasing tendency during performance of the M task, mean values during performance in the VS and the CW tasks displayed significant decreases when compared with the respective pretrial reference values Fig. 4 Comparisons of mean values in integrated EMG of three muscles, heart rate, systolic blood pressure and blink rate between pretrial baseline (white column) and during task (black column) in each four types of task. *, ** and *** show the significant differences at p<0.05, 0.01 and 0.001, respectively. CT: control task, M: memory task, VS: visual search task, CW: color-word task.
( Fig. 4) . When the results on HR were compared with pretrial reference values, none of the attempted tasks indicated any statistically significant changes during performance, though an increasing tendency was noted during performance except for the CT task (Fig. 4) .
Discussion
In the CT task, none of the measured indices indicated significant changes. In this task, subjects were only required to focus on a single spot on the screen without other mental loads given. As such, our present experimental design Values are mean and standard error of 8 subjects. CT, M, VS and CW show the control task, memory task, visual search task and color-word task, respectively. * and ** show the significant difference against the first value at baseline with p<0.05 and <0.01, respectively.
Fig. 6
The relative changes in integrated electromyogram (iEMG) recorded from the left biceps brachii muscle at baseline ( ) and during the task ( ). Values are mean and standard error of 8 subjects. CT, M, VS and CW show the control task, memory task, visual search task and color-word task, respectively. * and ** show the significant difference against the first value at baseline with p<0.05 and <0.01, respectively.
Fig. 8
The changes in systolic blood prssure at baseline ( ) and during the task ( ). Values are mean and standard error of 8 subjects. CT, M, VS and CW show the control task, memory task, visual search task and color-word task, respectively. * and ** show the significant difference against the first value at baseline with p<0.05 and <0.01, respectively.
Fig. 7
The relative changes in integrated electromyogram (iEMG) recorded from the upper left gastrocnemius muscle at baseline ( ) and during the task ( ). Values are mean and standard error of 8 subjects. CT, M, VS and CW show the control task, memory task, visual search task and color-word task, respectively. * and ** show the significant difference against the first value at baseline with p<0.05 and <0.01, respectively.
confirmed neither muscle tension was incited in maintaining the posture while performing the tasks per se nor other posture-associated physiological responses were induced in performing the tasks given. M, VS and CW tasks during performance elevated muscle activities and BP while inciting increase/decrease in BR compared with similar parameters before task performance. Although the shoulder muscles have been reportedly predominant in maintaining the psychogenic muscle tension (Westgaard and Bjorklund, 1987) , our findings revealed the increase in muscle activities of the trapezius muscle to be the most remarkably significant among the three muscles tested. However, through a series of reports, they have adopted the response time of pressing the button as the fastest possible response to visual stimuli (Westgaad and Bjorklund,1987; Waersted et al., 1991; 1994; . In such tasks, not only voluntary muscular contractions were involved in pressing the button, but a mental preparation state of motion was also definitely induced before pushing the button.
Between M and VS tasks in our study, no any motions accompanying voluntary muscular contractions was demanded throughout the pretrial and trial periods. As such, a state of motion imagery or preparation was certainly not incited in performing either the M and the VS task. In short, our findings demonstrated that activation was induced in the motor system in mental tasks that did not require any responses involving voluntary movement.
In CW task performance, subjects were required to click the mouse button in selecting the choice-answer, and that contribution to increase in the iEMG can not be denied. However, this assumption may not be feasible as the recording sites for EMG were located on the left side of body while the right hand performed procedures required for functional initiation of the mouse. Moreover, BP indicated a similar tendency in the other two tasks, and changes in the blinking rate coincided well with those of the VS task. Furthermore this test, believed to resemble a task that strongly induces psychogenic confliction, has recently been adopted as a model for studying psychogenic stress. All in all, the mental demand per se required by CW task could and should have generated stress in the subject, and at least in part, contributed directly or indirectly to increase in the iEMG values.
Compared with those of the trapezius muscle, increase in iEMG values of the biceps brachii and gastrocunemius muscle were not remarkable, manifesting a globally nonconvergent tendency as a result. In the biceps brachii and gastrocunemius muscle, enhancements in iEMG at 1-min intervals during performance in the M task were abolished. In the vs task performance, although significant differences were established in the biceps brachii compared with the pretrial control, statistical differences were not achieved in the gastrocunemius muscle.
In the CW task performance, increase in iEMG of the biceps brachii and gastrocunemius muscle were not remarkable, though there were significant differences between the mean value of pre and during trial. These muscles would be easily influenced by non-voluntary and voluntary movements in keeping the posture. However, in the case of CT task, where only the posture was maintained, these changes were not encountered. As such, the effects of muscle activities accompanying postural changes cannot be counted. In fact, postural changes involving such upper-and lower-limb movements were not observed on studying the video-tape recording.
The present study therefore confirmed that the mechanisms responsible for muscle tension increases by mental task can not be quantitatively assessed. Bonnet et al. (1997) reported that mental simulation of a voluntary movement made a slightly but significant increase in amplitude of EMG, and suggested the possibility of an increase in excitability of primary motor cortex as a possible mechanism. In the M and VS tasks in the present study, voluntary movements such as button-pushing, etc. during task performance were not required. As such, it would be speculated that the activation of associative field for performing the mental task is projected to the motor cortex via the cerebral basal ganglia and/or cerebellum then course further to the motor nerves through the extrapyramidal tract. However, the neuro-anatomical evidence of interaction between cognitive process including perception, memory, attention etc. and these motor systems remains unclear.
Although triggering of the button-pushing by voluntary movements of the upper limbs is not demanded in M and VS tasks, eyeball movements were definitely involved when focusing on the figures and numerals displayed on the CRT screen. Various sites in the brain are associated with control of the eyeball movement, including the cerebellum and striatum (Luna and Sweeney, 1999) . In addition, recent reports on procedural memory and cognitive skill learning process have revealed that cerebellum and striatum are intricately involved (Gabrieli et al., 1998) . In this study, the remarkably enhanced amplitude in EMG during M task performance probably implied that the memory of figure arrangement activated the cerebellum and cerebral basal ganglia, and this would have facilitated the increase in muscle tension generated via a certain mechanisms. Tasks adopted in this study involved visual attention and memory in addition to eyeball movements. Task performance was probably complemented based on a certain network connecting various brain sites regulating these factors. Furthermore, systemic data through integration of cognitive and motor demands of mental tasks were eventually accumulated to execute the global process of performing the given tasks.
It is well known that multifaceted mental stress induces cardiovascular responses. Psychogenic stress including CW task, mental calculations, etc., enhances BP, HR and cardiac output (Callister et al., 1992; Halliwill et al., 1997; Hjemdahl et al., 1989 Hjemdahl et al., , 1984 Wallin et al., 1992) . According to Callister et al. (1992) , BP response relies on the types and the degree of difficulty in performing the task, while HR is determined by the type of task involving CW task and mental calculations. In our present findings, significant systolic BP increase were observed during performance of all tasks attempted, but that during M task was the most remarkable. This tendency coincided well with the increase in iEMG values. These results suggest that a psychogenic requirement in M task is different from those needed in VS and CW tasks from the view point of peripheral responses.
The qualitatively different requirement of the psychogenic perspective in the M tasks was also manifested markedly in the result of BR. In contrast to significant decreases in BR counted during VS and CW tasks, increasing tendency in BR was established in the M task. Veltman and Gaillard (1998) reported that increase in visual information inhibited the eye blink, and in contrast increasing the difficulty of the memory task led to an increase in BR. On investigating changes in BR of children engaged in video games, Yamada (1998) has demonstrated a decrease in blinking when the game was in progress. Although numerous psychological studies have indicated increases or decreases in BR during mental tasks, the physiological mechanisms involved has yet to be elucidated.
In the present study, we demonstrated that the increase in muscle activity especially in the trapezius muscle is observed under psychogenic demands per se. Furthermore, possible hypothesis that the activation of associative field for performing the mental task and the eyeball movement are projected to the motor cortex via the cerebral basal ganglia and/or cerebellum is presented. In evaluation of mental loading in the field of physiological anthropology, more investigations are warranted to pool in all data available in the past and future in order to understand the physiological mechanisms involved in these observed phenomena.
